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Element 1 One or a plurlaity of MTC devices transmit the data or
210 measurement report in the allocated resource

Element 2 One or a plurality of D2D relaying devices receive the
220 measurement reports from the MTC devices

Element 3 | The D2D relaying UEs process the measurement reports and
230 send the processed information to eNB via cellular LTE radio
link or other licenced or unlicensed wireless link

Fig.2
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Element 3 | Small cells forward the processed information to the eNB via
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MACHINE TYPE COMMUNICATION
RELAYING

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a national phase entry under 335
U.S.C. § 371 of International Application No. PCT/US2015/

000451, filed Dec. 23, 2013, entitled “MACHINE TYPE
COMMUNICATION RELAYING” which claims priority
from U.S. Provisional Patent Apphcatlon No. 62/207,759,
filed Aug. 20, 20135, and entitled “DEVICE-TO- DEVIC*
(D2D) ASSISTED MACHIN* TYPE COMMUNICATION

(MTC)”, the entire disclosures of which are hereby incor-
porated by reference 1n their entireties.

TECHNICAL FIELD

Embodiments relate to the field of wireless communica-
tions.

BACKGROUND

The development of the so-called Internet of Things (IoT)
will place new demands on wireless communication net-
works. Modification of wireless networking systems may
assist 15 meeting these new demands.

BRIEF DESCRIPTION OF THE

DRAWINGS

Embodiments described herein are illustrated, without
limitation, by way of example, 1n the accompanying draw-
INgs:

FIG. 1 illustrates an architecture for Device-to-Device
(D2D) assisted MTC.

FI1G. 2 illustrates a high level procedure for D2D assisted
MTC.

FI1G. 3 1llustrates a data format for MTC UE information.

FIG. 4 1llustrates a detailed procedure for D2D assisted
MTC.

FIG. 5 illustrates a detailed procedure for D2D assisted
MTC.

FIG. 6 illustrates an MTC resource pool n the time
domain.

FIG. 7 illustrates an example of a resource allocation
scheme for MTC transmission.

FIG. 8 illustrates an architecture for relaying assisted
MTC.

FI1G. 9 1llustrates a procedure for relaying assisted MTC.

FIG. 10 illustrates an architecture for multi-RAT (Radio
Access Technology) capable small cell assisted MTC.

FIG. 11 illustrates a procedure for multi-RAT capable
small cell assisted MTC.

FIG. 12 illustrates example components in accordance
with some examples.

FIG. 13 illustrates a method in accordance with some
examples.

FIG. 14 illustrates a device 1n accordance with some
examples.

FIG. 15 illustrates a method 1n accordance with some
examples.

FIG. 16 illustrates a method 1n accordance with some
examples.

DESCRIPTION OF EMBODIMENTS

The following detailed description refers to the accom-
panying drawings. The same reference numbers may be used
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2

in different drawings to i1dentily the same or similar ele-
ments. In the following description, for purposes of expla-
nation and not limitation, specific details are set forth such
as particular structures, architectures, interfaces, techniques,
etc. 1n order to provide a thorough understanding of the
various aspects of embodiments. However, 1t will be appar-
ent to those skilled 1n the art having the benefit of the present
disclosure that the various embodiments claimed may be
practiced in other examples that depart from these specific
details. In certain instances, descriptions of well-known
devices, circuits, and methods are omitted so as not to
obscure the description of the embodiments with unneces-
sary detail.

Embodiments may be related to RAN1 and 5G, for
example.

Introduction

Machine-Type Commumnication (MTC) 1s a promising and
emerging technology to enable a ubiquitous computing
environment towards the concept of “Internet of Things
(IoT)”. Potential MTC based applications include smart
metering, healthcare monitoring, remote security surveil-
lance, intelligent transportation system, etc. These services
and applications stimulate the design and development of a
new type of MTC device that needs to be seamlessly
integrated 1nto legacy and next generation mobile broadband
networks such as Long-Term Evolution (LTE), LTE-Ad-
vanced and 5G technologies.

The legacy mobile broadband networks were designed to
optimize performance mainly for human-type communica-
tions and thus are not designed or optimized to meet MTC
related requirements. MTC specific designs are currently
being studied by 3GPP Radio Access Network (RAN)
working groups (WGs) for specification support in Release-
13 LTE specifications, wherein the primary objective 1s to
focus on lower device cost, enhanced coverage and reduced
power consumption.

In general, it 1s envisioned that a large number of MTC
devices will be deployed for specific services within one cell
in the near future. When such a massive number of MTC
devices attempt to access and communicate with the net-
work, a substantial amount of resources on control signal-
ling are expected. Taking into account the limited data
exchange between MTC devices and the network, this
would significantly reduce the system spectrum efliciency.

To address this 1ssue and support a massive number of
MTC devices 1n the network, embodiments may be config-
ured to support the MTC with assistance of D2D, relaying,
and/or multi-RAT capable small cell. Specifically, D2D
devices, relaying nodes and multi-RAT (radio access tech-
nology) capable small cell would serve as the gateway(s) to
collect data or measurement report from MTC devices and
process the information. Subsequently, D2D devices, relay-
ing nodes and multi-RAT capable small cell would forward
this information to the eNodeB. By oflloading M'TC traflic
from the eNodeB, this mechanism would save the control
overhead and thereby improve the system spectral efliciency
substantially, especially when considering the support of a
large number of MTC devices 1n the network. In addition,
this mechanism can help to improve the link budget for
MTC devices due to the fact that the offloading D2D

devices, relay nodes or multi-RAT capable small cell have

better link budget than the serving eNodeB. The relay device
(D2D device, relay node or multi-RAT capable small cell)
may operate as a fusion center.
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The following describes, inter alia:

Architecture and high level procedure for MTC transmis-
ston with assistance of D2D, relaying, and/or multi-
RAT capable small cell;

Two options for the detailed procedure for D2D assisted
MTC communication;

Periodic MTC resource pool and resource allocation
within resource pool.

In some examples, the D2D device, relay node or multi-
RAT capable small cell performs processing on the data or
measurement report received from the MTC devices. For
example, the D2D device, relay node or multi-RAT capable
small cell may aggregate the data or measurement reports.

The processing may include performing some manipula-
tion of the information represented by the data or measure-
ment report. For example, if MTC devices report tempera-
ture measurements, the MTC relay device (e.g. D2D device)
may collect temperature measurements from one or more
MTC devices and calculate an average temperature. The
average temperature may be reported to the eNB. Accord-
ingly, the information provided to the eNB may difler from
the mformation contained in the data/measurement reports
from the MTC devices. The processing may include, for
example, applying statistical functions (such as a mean,
median, mode, standard deviation, etc. calculation), select-
ing/discarding data, applying functions or algorithms to the

information, etc.
Architecture and High Level Procedure for D2D Assisted

MTC

FIG. 1 illustrates an architecture example for D2D
assisted MTC. In particular, MTC devices 120a-¢ (which
may be referred to herein as MTC UEs) communicate with
D2D relaying devices 130 (also referred to herein as D2D
relaying UEs or D2D UEs) via sidelinks 125a-¢ and D2D
UE commumnicates with eNodeB 140 via cellular LTE links
135 or other licensed and unlicensed wireless links 135 (e.g.
WiF1, millimeter Wave (mmWave)).

As shown 1n the FIG. 2, the high-level procedure for D2D
assisted MTC may include the following elements:

Element 1 210: One or a plurality of MTC devices 120a-c
transmit the data or measurement report 1n the allocated
resource via sidelink 1235a-c.

Element 2 220: One or a plurality of D2D relaying devices
130 receive the measurement reports from the MTC
devices 120a-c.

Element 3 230: The D2D relaying UEs process the
measurement reports and send the processed informa-
tion to the eNodeB 140 via cellular LTE radio link 135
or other licensed and unlicensed wireless link 135.

Note that similar design principles can be easily extended
to a group ol D2D devices 130 that can be configured to
assist the MTC transmission. In this case, multiple D2D
devices 130 would receive the data from MTC devices
120a-c, process the information and then forward the data to
the eNodeB 140.

Further, 1n the case when MTC devices 120a-c are located
outside network coverage, two hop communication can be
considered to forward the local measurement to the eNodeB
140. More specifically, D2D devices 130 outside network
coverage would collect the data or measurement report from
MTC devices 120a-c¢ via sidelinks 125a-c; subsequently,
D2D devices 130 outside network coverage would forward
the processed data to the D2D devices 130 within network
coverage. In the last element, D2D devices 130 within
network coverage would send the data to the eNodeB 140
via cellular LTE radio link 135 or other licensed and

unlicensed wireless link 135.
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For D2D assisted MTC application, D2D UEs may serve
as a fusion center to relay the data or measurement report
from multiple MTC devices 10a-c to the eNodeB 140. In

some examples, before a group of MTC devices 120a-c
initiate the data transmission within MTC resource pool,
they are to be associated with certain D2D capable UEs 130.
In general, the association rule can be predetermined or
semi-static, e.g. depending on the business model.

In one embodiment, mmitially, D2D UEs manually 1nput

the ID of these MTC devices 1n a database storing associa-
tions between a D2D UE and MTC devices. The ID can be

in the form of MAC address or IMSI of the MTC devices,

for example, which should be available at the D2D UEs.
In another embodiment, D2D UEs trigger the MTC

devices to report their IDs 1n the MTC resource pool. The

triggering message can be transmitted 1n the Physical side-
link Control Channel (PSCCH) or Physical sidelink Discov-
ery Channel (PSDCH) and subsequently, MTC devices
report their IDs 1n the Physical sidelink Shared Channel
(PSSCH). The D2D UE may then use the reported IDs to
generate the database.

Note that for above options, after D2D UE collects all the
information, e.g., capability and UE ID of these MTC
devices, may report this information to the eNodeB wvia
cellular link using PUSCH (or some other licensed or
unlicensed link).

An example data format for the transmission of MTC UE
information 1s illustrated 1n FIG. 3.

The data format for transmitting the MTC UE information
may include an identification of a first MTC device (device
0) 310aq and an i1ndication of a capability 320a of the first
MTC device. Similar indications of device ID 3106-¢ and
capability 230b-¢ of other MTC devices may be similarly
provided. As shown 1n FIG. 3, device ID for a particular
device may be followed 1n the data format by the capabaility
of the device.

Depending on whether eNodeB 140 allocates the resource
for the transmission/retransmission of MTC reports only
once or multiple times, the following provides two exem-

plary options for the detailed procedure for the D2D assisted
MTC.
Detailed Procedure for D2D Assisted MTC: Option 1

For the first option, the MTC UEs 120a-c may only need
to support a simplified protocol stack that can be developed
to only communicate with D2D UEs, and all operations
occur on the UL subframes/carriers from the network per-
spective. This would be the design wherein the maximal
benelits of capillary networks can be realized, e.g., wherein
the group of MTC devices form a Wireless Body Area
Network (WBAN). In an extreme case, MTC device may
work only for reception from the eNodeB side in order to
acquire synchronization reference and receive common con-
figuration information from the network providing informa-
tion on sidelink resources for discovery and communication.
This approach may be especially attractive for time division
duplex (TDD) spectrum where cellular DL and UL resources
are on diflerent time instances. Alternatively, MTC devices
may fully rely on access and connection to Relay UEs that
can periodically broadcast configuration of resources
towards MTC devices, which, for example, do not support
Uu interface but only have PC5 air-interface.

Alternatively, i some examples the MTC UEs may
perform 1nitial access from eNodeB, e.g., acquiring down-
link synchronization timing and receiving master informa-
tion block (MIB) and system information block (SIB). For

this type of MTC UEs, additional RF chain may be provided
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in the case of frequency division duplex (FDD) spectrum,

which may increase the UE

complexity and cost.

FI1G. 4 1llustrates the first option of the detailed procedure
tor D2D assisted M'TC according to some embodiments. In

particular,

In element 1, D2D relaying U!

= 130 requests 410 (e.g.

In element 3, D2D relaying UE 130 sends out t.

In element 5, D2D relaying U.

from eNB 140) the resource 1n sidelink for the trans-
mission of MTC reports. The resource request 410 may
carry information regarding the number of MTC
devices and bufler status report (BSR) for each MTC
report. It may also contain the capablhty of each MTC
device. The request 410 may be via a cellular link or

other licensed or unlicensed wireless link, for example.

In element 2, upon successiul reception of the resource

410 from the D2D relaying UE 130, eNodeB 140 sends
out the resource allocation 420 for the transmaission of
MTC reports over sidelinks . . . . The resource alloca-
tion 420 may be sent via a cellular link or other licensed
or unlicensed wireless link, for example. For this
option, D2D relaying UE 130 transmits the measure-
ment reports to eNodeB 140 after successtully collect-

ing the reports 440, 460 from all MTC UEs 120a-c (or
a subset of the MTC UEs 120a-¢ associated with the
relaying UE 130). Note that eNodeB 140 may indicate
the logical periodic D2D resource pool for the trans-
mission and retransmission of MTC report. This logical

periodic resource pool may be mapped to the periodic
instances of physical channel (PSCCH/PSSCH). Fur-

ther, the resource allocation 420 may contain the maxi-
mum number of retransmissions allowed for each MTC

report.

he sidelink

transmission grant 430 for MTC reports. This trans-
mission grant 430 may contain the detailed resource
allocation and MCS for each MTC measurement
report, including but not limited to time and frequency
allocation for M'TC UE transmission (e.g. T-RPT pat-
tern index (I,»,), assignment of frequency resources
and potentially PSCCH resource mdex (N,q-r-z) 10
case Relay UE 130 1s to control the exact transmission
timing of the MTC UEs 120a-c.) This information may
help to avoid transmission and reception conflicts 1
Relay UE 130 operates with multiple MTC devices
120a-c and eNodeB 140 simultaneously. To minimize
the signaling control overhead, the order of resource
allocation and the modulation and coding scheme
(MCS) for different MTC UEs can be signaled via
PSSCH using MAC or RRC signalling prior to the
resource allocation for MTC transmission. The uplink
transmission grant can be transmitted via PSCCH with

certain modification.

In element 4, all MTC UEs 120a-c report 440 the mea-

surement on the corresponding resource within the
resource pool indicated i the uplink grant 430 in the
clement 3. To mimimize the specification effort, the
measurement report 440 can be transmitted via PSSCH
or separate sidelink physical channel can be designed,
for example.

s 130 receive and attempt
to decode the measurement reports from multiple MTC
UEs 120a-c. Subsequently, D2D relaying UEs 130
feedback the acknowledgment/negative-acknowledge-
ment (ACK/NACK) information 450 and resource allo-
cation and MCS for the retransmission of the MTC
report if they are not successiully decoded. For
istance, if D2D relaying UEs 130 successtully decode
the report from MTC UE #1 1204, but fail the decoding
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In element 6, MTC U]

6

for M'TC UE #2 1205, They may feedback the ACK to
UE #1 120a and NACK to MTC UE #2 12054, and the
resource allocation and MCS for the retransmission of

the measurement report from MTC UE #2 1205b.

Hs that receive the NACK feedback

retransmit the measurement report 460 to the D2D
relaying UEs 130 using the MCS and on the resource

which 1s indicated in the uplink grant 450 in element 3.

In element 7, when D2D relaying UE 130 successtully

receives the measurement report 460 from all the MTC
UEs 120a-c, 1t performs the post processing and sends
out the processed measurement report 470 to the eNo-

deB 140 via PUSCH.

Detailed Procedure for D2D Assisted MTC: Option 2

For this option, the MTC UE

Hs 120a-c also communicate

with (at least receive from) the eNodeB 140 and at least
transmit to the D2D UE 130. This can support a snnpler

MTE

the U.
control information and mobile-terminated data traj

_1

UE 120a-c implementation of not having to receive on
.. The DL receptions would include reception of all
Tic trans-

mitted by the eNodeB 140. This can be even more appro-
priate when the MTC relay device 130 (*fusion center/
relay”) 1s a small-cell or dedicated relay.

FIG. 5 1llustrates the second option of the detailed pro-
cedure for D2D assisted MTC.

In element 1, D2D relaying U.

= 130 requests 510 the
resource 1n sidelink for the transmission of MTC
reports. The resource request 510 may carry the infor-
mation regarding the number of MTC devices 120a-c
and bufler status report (BSR) for each MTC report. It
may also contain the capability of each MTC device
120a-c. The request 510 may be via a cellular link or

other licensed or unlicensed wireless link, for example.

In element 2, eNodeB 140 sends out the resource alloca-

tion 530 for the transmission of MTC reports over
sidelinks. The resource allocation 330 may be sent via
a cellular link or other licensed or unlicensed wireless
link, for example. According to this option, both D2D
relaying UEs 130 and all M'TC UEs 120a-¢ may listen
to the resource allocation from eNodeB 140. This may
assist proper reception of the measurement reports from
the MTC devices 120a-c. To simplity the design, an
example design option of DCI format 3/3A like
PDCCH scrambled by MTC-C-RNTI can be used to
support the MTC group based signaling. Here MTC-

C-RNTT can be predefined 1n the specification or con-

figured by higher layers via MIB, SIB or dedicated
above, D2D relay

RRC signalling. As mentioned
devices 130 may also decode the PDCCH in order to
assist proper reception ol the measurement reports from

the MTC devices 120a-c.

In element 3, all MTC UEs report 530 the measurement

on the corresponding resource within resource pool
which 1s indicated in the resource allocation 520 from
eNodeB 140 1n the element 2. To minimize or reduce
the specification etlort, the measurement report 520 can
be transmitted via PSSCH.

In element 4, D2D relaying UEs 130 attempt to decode

the measurement report 530 from all MTC UEs 120a-c.
Subsequently, D2D relaying UEs 130 feedback ACK/
NACK information 540 and processed measurement
reports to eNodeB 140 for the successtully decoded
measurement reports. The combined information can

be transmitted via PUSCH.

In element 5, eNodeB 140 feedbacks the ACK/NACK

information 550 and resource allocation and MCS for
the retransmission 560 of MTC reports that have not



US 10,477,620 B2

7

been decoded successiully. Similar to element 2, both
D2D relaying UEs 130 and MTC UEs 120a-¢ may
listen to the transmission 550 from eNodeB 140.

In element 6, the MTC UEs 120a-c¢ that receive the
NACK feedback 550 retransmit 560 the measurement
report to the D2D relaying UEs 130 using the MCS and
on the resource which 1s indicated 1n the uplink grant
550 1n element 5.

In element 7, D2D relaying UEs 130 attempt to decode
the (retransmitted) measurement report 360 from the
remaining MTC UEs and subsequently feedback 570
the ACK/NACK 1nformation and processed measure-
ment reports to eNodeB 140. The procedure will con-
tinue until all the measurement reports 530, 560 arc
collected, processed by the D2D relaying UEs 130 and
reported to the eNodeB 140.

Periodic MTC Resource Pool and Resource Allocation
within Resource Pool

As described 1n relation to option 1 of the D2D assisted
MTC communication, a periodic resource pool may be
configured by eNodeB 140 for the transmission of MTC
measurement report. Note that these resource pools may be
dedicated for MTC applications or can be part of the
resource pools for D2D discovery and communication. In
the case when MTC bandwidth i1s narrower than system
bandwidth, a dedicated resource pool may be configured
according to the MTC bandwidth.

The time/frequency resource information for an MTC
resource pool may comprise at least one of the following
information—irequency location (e.g. in RB 1ndex region),
time location (e.g. OFDM symbol index, slot mdex, sub-
frame index, radio frame index). According to a more
specific example of time resource mformation (signal time
related information), the configuration may contain a peri-
odicity and/or subiframe oflset for the MTC resource pool.

The subirames allocated for an MTC resource pool can be
contiguous or non-contiguous. For instance, for an FDD
system, contiguous DL subframes may be allocated for the
MTC resource pool. For a TDD system, non-contiguous
subframes may be allocated. For example, a subirame bait
map with parameter “subframeBitMap™” can be used to
signal the allocated subirame, which can be repeated within
the resource pool. For 1instance, subirameBit-
Map="0011000011" and length of resource pool i sub-
frames 1s 20. In this case, the first and second radio frames
have the same subirame bit map, and subirame #2, #3, #8
and #9 1n each frame are allocated for the MTC resource
pool.

As shown 1n FIG. 6, according to some examples the first
subirame of the N, -~ downlink subirames of the connec-
tion-less uplink transmission resource pool 610, shall satisty
(10xn+[nJ/2]-Ay 7 )modT), =0 where n,and n; are radio
frame number and slot number.

In the frequency domain, the MTC resource pool can be
allocated 1n contiguous or non-contiguous physical resource
blocks (PRBs). In one embodiment, the starting PRB with
parameter “startPRB” and the size of MTC resource pool
“lengthPRB” can be used to indicate the frequency infor-
mation of the MTC resource pool. According to this, PRB
with index greater than or equal to startPRB and less than
startPRB+prbLength 1s allocated for MTC resource pool.

In another embodiment, two non-overlapping frequency
locations can be allocated for the MTC resource pool. In
particular, the starting PRB with parameter “startPRB” and
the “lengthPRB1” can be used to indicate the first part of the
MTC resource pool 1n the frequency domain, 1.e., PRB with
index greater than or equal to startPRB and less than
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startPRB+ lengthPRB1 1s allocated. For the second part of
the MTC resource pool, the end PRB with parameter “end-
PRB” and the “lengthPRB2”, 1.¢., PRB with index lesser

than or equal to endPRB and greater than endPRB- length-
PRB2 is allocated.

Note that although PRB 1s considered in the above
examples, the frequency domain configuration may be
extended based on subcarrier index, or block/group of PRBs,
for example.

As mentioned 1n the detailed procedure for options 1 and
2 above, the resource allocation for the transmission of
measurement reports from multiple MTE UEs 120a-c can be
indicated 1n the uplink grant. FIG. 7 illustrates an example
of resource allocation scheme for MTC transmission. In

FI1G. 7, time resources are shown on the horizontal axis,

while frequency resources are shown on the vertical axis. In
order to ensure all MTC devices are able transmit the data
within one resource pool 710 without collision, when con-
figuring the resource pool 710, eNodeB 140 or D2D devices
130 may guarantee that the size of resource pool 710 1s not
less than the number of the MTC devices 120a-c that mntend
to transmit the data or measurement report to D2D devices
130. Note that to simplify the design, MTC transmission
resources can be predefined in a similar manner to D2D
discovery, 1.e., one MTC transmission resource occupies K
subirames and L PRBs for predetermined values of K and L.
Note that although the sizes of MTC transmission
resource as shown in the FIG. 7 are identical for diflerent
MTC UEs. However, 1n some examples they may be dii-
terent, depending (for example) on the packet size and MCS
of measurement reports for each MTC UE 120a-c.
Architecture and High Level Procedure for Relaying
Assisted MTC
FIG. 8 illustrates an architecture for relaying assisted
MTC. Unlike the D2D assisted MTC, MTC devices 120a-c
may access and acquire the necessary information from the
relaying node 830. The relaying node 830 may schedule the
MTC devices 120a-¢ to transmit the data or measurement
report via relaying links 825a-c. After the relaying node 830
collects all the data and processes the information, 1t may
communicate with eNodeB 140 and forward the processed
information to the eNodeB 140 via cellular LTE radio link
135 or other licensed or unlicensed wireless link 135.
As shown 1n the FIG. 9, a detailed procedure for relaying
assisted MTC may include the following elements:
Element 1 910: Relaying nodes 830 schedule MTC
devices 120a-c to transmit the data or measurement
report via relaying links 825a-c.
Element 2 920: Relaying nodes 830 receive the data from
MTC devices 120a-¢ and process the information.
Element 3 930: Relaying nodes 830 forward the processed
information to the eNodeB 1 40 via cellular LTE radio
link 1335 or other licensed and unlicensed wireless link
135.
Architecture and High Level Procedure for Multi-RAT
Capable Small Cell Assisted MTC
FIG. 10 1llustrates an architecture for multi-RAT capable
small cell 1030 assisted MTC. In particular, MTC devices
120a-c communicate with small cells 1030 via other RATS,
c.g., WiFi, Bluetooth, LTE-Unlicensed, mmWave, etc.,
while small cells 1030 communicate with eNodeB 140 via
cellular LTE radio link 135 or other licensed and unlicensed
wireless links 135.
As shown in the FIG. 11, the detailed procedure for
multi-RAT capable small cell 1030 assisted MTC may

include at least the following elements:
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Element 1 1110: MTC devices 120a-¢ send the data or
measurement report to small cells 1030 via other RATS,
¢.g., Wik1, Bluetooth, LTE-Unlicensed, mmWave, etc.

Element 2 1120: Small cells 1030 receive the data from
MTC devices 120a-¢ and process the information.

Element 3 1130: Small cells 1030 forward the processed
information to the eNodeB 1040 via cellular LTE radio
link 135 or other licensed and unlicensed wireless link
135.

As used herein, the term “circuitry” may refer to, be part
of, or mclude an Application Specific Integrated Circuit
(ASIC), an electronic circuit, a processor (shared, dedicated,
or group), and/or memory (shared, dedicated, or group) that
execute one or more soltware or firmware programs, a
combinational logic circuit, and/or other suitable hardware
components that provide the described functionality. In
some embodiments, the circuitry may be implemented in, or
functions associated with the circuitry may be implemented
by, one or more soltware or firmware modules. In some
embodiments, circuitry may include logic, at least partially
operable in hardware.

Embodiments described herein may be implemented 1nto
a system using any suitably configured hardware and/or
software. FI1G. 12 1llustrates, for one embodiment, example
components of an electronic device 100. In embodiments,
the electronic device 100 may be a user equipment (UE), an
evolved NodeB (eNB), an MTC device, a D2D relay device,
or some other electronic device. In some embodiments, the
clectronic device 100 may include application circuitry 102,
baseband circuitry 104, Radio Frequency (RF) circuitry 106,
front-end module (FEM) circuitry 108 and one or more
antennas 110, coupled together at least as shown.

The application circuitry 102 may include one or more
application processors. For example, the application cir-
cuitry 102 may include circuitry such as, but not limited to,
one or more single-core or multi-core processors. The pro-
cessor(s) may include any combination of general-purpose
processors and dedicated processors (e.g., graphics proces-
sors, application processors, etc.). The processors may be
coupled with and/or may include memory/storage and may
be configured to execute mstructions stored in the memory/
storage to enable various applications and/or operating sys-
tems to run on the system.

The baseband circuitry 104 may include circuitry such as,
but not limited to, one or more single-core or multi-core
processors. The baseband circuitry 104 may include one or
more baseband processors and/or control logic to process
baseband signals received from a receive signal path of the
RFE circuitry 106 and to generate baseband signals for a
transmit signal path of the RF circuitry 106. Baseband
processing circuitry 104 may interface with the application
circuitry 102 for generation and processing of the baseband
signals and for controlling operations of the RF circuitry
106. For example, in some embodiments, the baseband
circuitry 104 may include a second generation (2(G) base-
band processor 104qa, third generation (3G) baseband pro-
cessor 104b, fourth generation (4G) baseband processor
104¢c, and/or other baseband processor(s) 104d for other
existing generations, generations in development or to be
developed in the future (e.g., fifth generation (5G), 6G, etc.).
The baseband circuitry 104 (e.g., one or more of baseband
processors 104a-d) may handle various radio control func-
tions that enable communication with one or more radio
networks via the RF circuitry 106. The radio control func-
tions may include, but are not limited to, signal modulation/
demodulation, encoding/decoding, radio frequency shifting,
etc. In some embodiments, modulation/demodulation cir-
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cuitry of the baseband circuitry 104 may include Fast-
Fourier Transform (FFT), precoding, and/or constellation
mapping/demapping functionality. In some embodiments,
encoding/decoding circuitry of the baseband circuitry 104
may 1include convolution, tail-biting convolution, turbo,
Viterbi, and/or Low Density Parity Check (LDPC) encoder/

decoder {functionality. Embodiments of modulation/de-
modulation and encoder/decoder functionality are not lim-
ited to these examples and may include other suitable
functionality in other embodiments.

In some embodiments, the baseband circuitry 104 may
include elements of a protocol stack such as, for example,
clements of an evolved universal terrestrial radio access
network (EUTRAN) protocol including, for example, physi-
cal (PHY), media access control (MAC), radio link control

(RLC), packet data convergence protocol (PDCP), and/or
radio resource control (RRC) elements. A central processing
umit (CPU) 104e of the baseband circuitry 104 may be
configured to run elements of the protocol stack for signal-
ing of the PHY, MAC, RLC, PDCP and/or RRC layers. In

some embodiments, the baseband circuitry may include one
or more audio digital signal processor(s) (DSP) 104f. The
audio DSP(s) 104f may be include elements for compres-
s1on/decompression and echo cancellation and may include
other suitable processing elements in other embodiments.

The baseband circuitry 104 may further include memory/
storage 104¢. The memory/storage 1042 may be used to load
and store data and/or instructions for operations performed
by the processors of the baseband circuitry 104. Memory/
storage for one embodiment may include any combination
of suitable volatile memory and/or non-volatile memory.
The memory/storage 104g may include any combination of
various levels of memory/storage including, but not limited
to, read-only memory (ROM) having embedded software
istructions (e.g., firmware), random access memory (e.g.,
dynamic random access memory (DRAM)), cache, bullers,
etc. The memory/storage 104g may be shared among the
various processors or dedicated to particular processors.

Components of the baseband circuitry may be suitably
combined 1n a single chip, a single chipset, or disposed on
a same circuit board 1n some embodiments. In some embodi-
ments, some or all of the constituent components of the
baseband circuitry 104 and the application circuitry 102 may
be implemented together such as, for example, on a system
on a chip (SOC).

In some embodiments, the baseband circuitry 104 may
provide for communication compatible with one or more
radio technologies. For example, in some embodiments, the
baseband circuitry 104 may support communication with an
evolved umiversal terrestrial radio access network (EU-
TRAN) and/or other wireless metropolitan area networks
(WMAN), a wireless local area network (WLAN), a wire-
less personal area network (WPAN). Embodiments in which
the baseband circuitry 104 1s configured to support radio
communications ol more than one wireless protocol may be
referred to as multi-mode baseband circuitry. RF circuitry
106 may enable communication with wireless networks
using modulated electromagnetic radiation through a non-
solid medium. In various embodiments, the RF circuitry 106
may include switches, filters, amplifiers, etc. to facilitate the
communication with the wireless network. RF circuitry 106
may include a receirve signal path which may include
circuitry to down-convert RF signals received from the FEM
circuitry 108 and provide baseband signals to the baseband
circuitry 104. RF circuitry 106 may also include a transmut
signal path which may include circuitry to up-convert base-
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band signals provided by the baseband circuitry 104 and
provide RF output signals to the FEM circuitry 108 for
transmission.

In some embodiments, the RF circuitry 106 may include
a rece1ve signal path and a transmit signal path. The receive
signal path of the RF circuitry 106 may include mixer
circuitry 106a, amplifier circuitry 1065 and filter circuitry
106¢. The transmit signal path of the RF circuitry 106 may
include filter circuitry 106¢ and mixer circuitry 106a. RF
circuitry 106 may also include synthesizer circuitry 1064 for
synthesizing a frequency for use by the mixer circuitry 106qa
of the recerve signal path and the transmit signal path. In
some embodiments, the mixer circuitry 106a of the receive
signal path may be configured to down-convert RF signals
received from the FEM circuitry 108 based on the synthe-
s1zed frequency provided by synthesizer circuitry 106d. The
amplifier circuitry 10656 may be configured to amplify the

down-converted signals and the filter circuitry 106¢ may be
a low-pass filter (LPF) or band-pass filter (BPF) configured
to remove unwanted signals from the down-converted sig-
nals to generate output baseband signals. Output baseband
signals may be provided to the baseband circuitry 104 for
turther processing. In some embodiments, the output base-
band signals may be zero-frequency baseband signals,
although this 1s not a requirement. In some embodiments,
mixer circuitry 106a of the receive signal path may comprise
passive mixers, although the scope of the embodiments 1s
not limited 1n this respect.

In some embodiments, the mixer circuitry 106a of the
transmit signal path may be configured to up-convert input
baseband signals based on the synthesized frequency pro-
vided by the synthesizer circuitry 1064 to generate RF
output signals for the FEM circuitry 108. The baseband
signals may be provided by the baseband circuitry 104 and
may be filtered by filter circuitry 106¢. The filter circuitry
106¢ may include a low-pass filter (LPF), although the scope
of the embodiments 1s not limited 1n this respect.

In some embodiments, the mixer circuitry 106a of the
receive signal path and the mixer circuitry 106a of the
transmit signal path may include two or more mixers and
may be arranged for quadrature downconversion and/or
upconversion respectively. In some embodiments, the mixer
circuitry 106a of the receive signal path and the mixer
circuitry 1064 of the transmit signal path may include two or
more mixers and may be arranged for image rejection (e.g.,
Hartley 1image rejection). In some embodiments, the mixer
circuitry 106a of the receive signal path and the mixer
circuitry 106a may be arranged for direct downconversion
and/or direct upconversion, respectively. In some embodi-
ments, the mixer circuitry 106a of the receive signal path
and the mixer circuitry 1064 of the transmait signal path may
be configured for super-heterodyne operation.

In some embodiments, the output baseband signals and
the imnput baseband signals may be analog baseband signals,
although the scope of the embodiments 1s not limited 1n this
respect. In some alternate embodiments, the output baseband
signals and the mput baseband signals may be digital
baseband signals. In these alternate embodiments, the RF
circuitry 106 may include analog-to-digital converter (ADC)
and digital-to-analog converter (DAC) circuitry and the
baseband circuitry 104 may include a digital baseband
interface to communicate with the RF circuitry 106.

In some dual-mode embodiments, a separate radio IC
circuitry may be provided for processing signals for each
spectrum, although the scope of the embodiments 1s not
limited 1n this respect.
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In some embodiments, the synthesizer circuitry 1064 may
be a fractional-N synthesizer or a fractional N/N+1 synthe-
sizer, although the scope of the embodiments 1s not limited
in this respect as other types of frequency synthesizers may
be suitable. For example, synthesizer circuitry 1064 may be
a delta-sigma synthesizer, a frequency multiplier, or a syn-
thesizer comprising a phase-locked loop with a frequency
divider.

The synthesizer circuitry 1064 may be configured to
synthesize an output frequency for use by the mixer circuitry
106a of the RF circuitry 106 based on a frequency input and
a divider control input. In some embodiments, the synthe-
sizer circuitry 1064 may be a fractional N/N+1 synthesizer.

In some embodiments, frequency input may be provided
by a voltage controlled oscillator (VCO), although that 1s not
a requirement. Divider control input may be provided by
cither the baseband circuitry 104 or the applications proces-
sor 102 depending on the desired output frequency. In some
embodiments, a divider control mput (e.g., N) may be
determined from a look-up table based on a channel 1ndi-
cated by the applications processor 102.

Synthesizer circuitry 1064 of the RF circuitry 106 may
include a divider, a delay-locked loop (DLL), a multiplexer
and a phase accumulator. In some embodiments, the divider
may be a dual modulus divider (DMD) and the phase
accumulator may be a digital phase accumulator (DPA). In
some embodiments, the DMD may be configured to divide
the input signal by either N or N+1 (e.g., based on a carry
out) to provide a fractional division ratio. In some example
embodiments, the DLL may include a set of cascaded,
tunable, delay elements, a phase detector, a charge pump and
a D-type thp-flop. In these embodiments, the delay elements
may be configured to break a VCO period up into Nd equal
packets of phase, where Nd 1s the number of delay elements
in the delay line. In thus way, the DLL provides negative
teedback to help ensure that the total delay through the delay
line 1s one VCO cycle.

In some embodiments, synthesizer circuitry 1064 may be

configured to generate a carrier frequency as the output
frequency, while 1n other embodiments, the output ire-
quency may be a multiple of the carrnier frequency (e.g.,
twice the carrier frequency, four times the carrier frequency)
and used in conjunction with quadrature generator and
divider circuitry to generate multiple signals at the carrier
frequency with multiple different phases with respect to each
other. In some embodiments, the output frequency may be a
LO frequency (1LO). In some embodiments, the RF circuitry
106 may include an IQ/polar converter.
FEM circuitry 108 may include a receive signal path
which may include circuitry configured to operate on RF
signals received from one or more antennas 110, amplitly the
received signals and provide the amplified versions of the
received signals to the RF circuitry 106 for further process-
ing. FEM circuitry 108 may also include a transmit signal
path which may include circuitry configured to amplily
signals for transmission provided by the RF circuitry 106 for
transmission by one or more of the one or more antennas
110.

In some embodiments, the FEM circuitry 108 may
include a TX/RX switch to switch between transmit mode
and receive mode operation. The FEM circuitry may include
a recerve signal path and a transmit signal path. The receive
signal path of the FEM circuitry may include a low-noise
amplifier (LNA) to amplity received RF signals and provide
the amplified received RF signals as an output (e.g., to the
RFE circuitry 106). The transmit signal path of the FEM
circuitry 108 may include a power amplifier (PA) to amplity
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input RF signals (e.g., provided by RF circuitry 106), and
one or more filters to generate RF signals for subsequent
transmission (e.g., by one or more of the one or more
antennas 110.

In some embodiments, the electronic device 100 may
include additional elements such as, for example, memory/
storage, display, camera, sensor, and/or input/output (1I/0)
interface. In some embodiments, the electronic device 100
may be incorporated in a UE or MTC relay device, the UE
or MYC relay device may also have one or more of
memory/storage, a display, a camera, a sensor, or an mput/
output (1I/0) interface.

In some embodiments, the electronic device 100 may be
included 1 a UE or an MTC relay device, and may include
one or more ol memory/storage, a display, a camera, a
sensor, or an nput/output (I/0) interface. In embodiments
where the electronic device 100 15, implements, 1s 1corpo-
rated 1nto, or 1s otherwise part of a D2D relay device 130, the
RF circuitry 106 may be to receive, from a Machine Type
Communication (MTC) device 120a-c, a data and/or mea-
surement report 1n an allocated resource via D2D sidelink
125a-c; and transmit a processed data and/or measurement
report to an evolved NodeB 140 (eNB) via a cellular long
term evolution (LTE) radio link 135 or other licensed and/or
unlicensed wireless link 135.

In embodiments where the electronic device 100 is,
implements, 1s incorporated into, or 1s otherwise part of a
relaying node 830, the RF circuitry 106 may be to receive,
from a Machine Type Communication (MTC) device 120a-
¢, a data and/or measurement report, possibly 1n an allocated
resource, via relaying link 825a-c¢; and transmit a processed
data and/or measurement report to an evolved NodeB 140
via a cellular long term evolution (LTE) radio link 135 or
other licensed and/or unlicensed wireless link 135.

In embodiments where the electronic device 100 is,
implements, 1s incorporated into, or 1s otherwise part of a
multi-RAT small cell device 1030, the RF circuitry 106 may
be to receive, from a Machine Type Communication (MTC)
device 120a-c, a data and/or measurement report, possibly 1in
an allocated resource, via a link 125a-c according to a RAT
of the multi-R AT small cell device; and transmit a processed
data and/or measurement report to an evolved NodeB 140
(eNB) via a cellular long term evolution (LTE) radio link
135 or other licensed and/or unlicensed wireless link 135.

In some embodiments, the electronic device 100 of FIG.
12 may be configured to perform one or more processes,
techniques, and/or methods as described herein, or portions
thereol. One such process 1s depicted in FIG. 13. For
example, 1n embodiments where the electronic device 100
1s, implements, 1s incorporated into, or 1s otherwise part of
a D2D relay device 130, or a portion thereotf, the process
may include receiving 1310, by a device-to-device (D2D)
relay device 130 from a Machine Type Communication
(MTC) device 120a-¢, a data and/or measurement report 1n
an allocated resource via D2D sidelink 125a-c; processing,
by the D2D relay device 130, the data and/or measurement
report; and transmitting, by the D2D relay device 130, the
processed data and/or measurement report to an evolved
NodeB 140 via a cellular long term evolution (L'TE) radio
link 135 or other licensed and/or unlicensed wireless link
135.

In embodiments where the electronic device 100 1s,
implements, 1s incorporated into, or 1s otherwise part of a
relaying node 830, or a portion thereof, the process of FIG.
13 may include receiving 1310, by the relaying device 830
from a Machine Type Communication (MTC) device 120a-
¢, a data and/or measurement report, possibly 1n an allocated
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resource, via relaying link 8235a-c¢; processing, by the relay-
ing device 830, the data and/or measurement report; and
transmitting, by the relaying device 830, the processed data
and/or measurement report to an evolved NodeB 140 via a
cellular long term evolution (LTE) radio link 135 or other
licensed and/or unlicensed wireless link 135.

In embodiments where the electronic device 100 is,
implements, 1s incorporated into, or 1s otherwise part of a
multi-RAT small cell device 1030, or a portion thereof, the
process of FIG. 13 may include receiving 1310, by the
relaying device 1030 from a Machine Type Commumnication
(MTC) device 120a-¢, a data and/or measurement report,
possibly 1 an allocated resource, via link 825a-¢ according
to a RAT of the multi-RAT small cell device; processing, by
the relaying device 1030, the data and/or measurement
report; and transmitting, by the relaying device 1030, the
processed data and/or measurement report to an evolved
NodeB 140 via a cellular long term evolution (L'TE) radio
link 135 or other licensed and/or unlicensed wireless link
135.

The electronic device 100 may include circuitry, e.g. as
receive circuitry, having a receive signal path to receive data
from at least one MTC device, and a transmit signal path to
torward processed data, based on the data, to an evolved
NodeB (eNB), wherein at least one of: (a) the data 1s
received via D2D (Device-to-Device) sidelink, (b) the MTC

relay device 1s a relay node and the data 1s recerved via a
relaying link, or (¢) the MTC relay device 1s a multi-radio
access technology (multi-RAT) capable small cell device
and the data 1s received via WiFi1, Bluetooth, LTE-Unli-
censed, or mmWave communication.

In some examples the circuitry may be a processing
device, with the receive signal path may be a data input to
the processing device and the transmit signal path being a
data output, e.g. for outputting data to be transmitted by RF
circuitry (possibly with further processing between the data
being output and received by the RF circuitry).

The electronic device may include processing circuitry,
for example within the application circuitry 102. The pro-
cessing circuitry may be arranged to perform operations on

the received data. For example, processing may include
applying statistical functions (such as a mean, median,
mode, standard deviation, etc. calculation), selecting/dis-
carding data, applying functions or algorithms to the infor-
mation, etc.

The circuitry (receive circuitry, processing circuitry, etc)
may include hardware, software and/or firmware compo-
nents, as described above in relation to the application
circuitry 102.

According to some examples, the electronic device 1400
illustrated in FIG. 14 may be for use in, or may be, an MTC
device. The device 1400 may include logic 1410 to produce
data, such as a measurement report. The data or measure-
ment report may be generated by processing sensor infor-
mation received from a sensor, for example. The sensor
information may describe a measurement or sensing result
of the sensor. The sensor may be included 1 the MTC
device.

The electronic device may further include circuitry 1420
to output the data for transmission to an eNB 140 via an
MTC relay device 130, 830, 1030 wherein at least one of: (a)
the data 1s to be transmitted via D2D (Device-to-Device)
sidelink, (b) the MTC relay device 1s a relay node and the
data 1s to be transmitted via a relaying link; or (¢) the MTC
relay device 1s a multi-radio access technology (multi-RAT)
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capable small cell device and the data 1s to be transmitted via
WiF1, Bluetooth, LTE-Unlicensed, or mmWave communi-
cation.

The logic may have a similar structure to the application
circuitry 102, described above. The logic may be imple-
mented 1n hardware, software, firmware, etc, or some com-
bination of these. The circuitry to output the data may
include software, hardware, etc. to provide the data to
another component. In some examples, the circuitry to
output the data may include one or more of application
circuitry, baseband circuitry, RF circuitry, FEM circuitry
and/or one or more antennas, similar to the circuitry
described above 1n relation to FIG. 12,

FI1G. 15 1llustrates a method according to some examples.
The method may be performed by an MTC relay device 130,
830, 1030, or by an electrical device that may be suitable for
use 1 an MTC relay device 130, 830, 1030. The method
begins at 1500, and at 1510 data (e.g. a measurement report)
1s received from an MTC device 120a-c. The information
may be received via components, such as radio equipment
and radio processing components connected with or forming
part of the MTC relay device. At 1520 the MTC relay device
may process the data to produce processed data (this may be
performed by a processor or application circuitry, for
example). At 1530 the MTC relay device forwards the
processed data to an eNB, wherein at least one of: (a) the
data 1s received via D2D (Device-to-Device) sidelink, (b)
the MTC relay device 1s a relay node and the data 1s recerved
via a relaying link, or (¢) the MTC relay device i1s a
multi-radio access technology (multi-RAT) capable small
cell device and the data 1s received via WiFi, Bluetooth,
L'TE-Unlicensed, or mmWave communication.

FI1G. 16 1llustrates a method according to some examples.
The method may be performed by an MTC device 120a-c,
or by an electrical device that may be suitable for use 1n an
MTC device 120a-c. The method begins at 1600, and at
1610 data (e.g. a measurement report) 1s produced by the
MTC device 120a-c. The measurement report may be gen-
erated by a processor, a sensor or a combination of sensors
and processors, for example. At 1620 the data 1s transmuitted
to an eNB 140 (e.g. forwarded towards an eNB 140) via an
MTC relay device 130, 830, 1030, wherein at least one of:

(a) the measurement report 1s transmitted via D2D (Device-
to-Device) sidelink, (b) the MTC relay device 1s a relay node
and the measurement report 1s transmitted via a relaying
link, or (¢) the MTC relay device 1s a multi-radio access
technology (multi-RAT) capable small cell device and the
measurement report 1s transmitted via WiF1, Bluetooth,
L TE-Unlicensed, or mmWave communication.

Throughout the description, reference has been made to
“device-to-device” or “D2D”, however, reference may
equally be made to “proximity services (ProSe).” Accord-
ingly, proximity services/ProSe may be used interchange-
ably with device-to-device/D2D herein.

EXAMPLES

Example 1 may include a system and method of wireless
communication for a fifth generation (5G), comprising:

Transmitting, by one or a plurality of Machine Type
Communication (MTC) devices, data or measurement
report 1n the allocated resource via Device-to-Device
(D2D) sidelink.

Receiving, by one or a plurality of D2D relaying devices,
the measurement reports from the MTC devices.
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Sending, by the D2D relaying devices, the processed
measurement reports to eNodeB via cellular LTE radio
link or other licensed and unlicensed wireless link.

Example 2 may include the method of example 1 or some
other example herein, wherein two hop communication 1s
employed for D2D relaying devices to forward the local
measurement to the eNodeB 1n the case when MTC devices
are located outside network coverage.

Example 3 may include the method of example 1 or some
other example herein, wherein association rule that one or
multiple MTC devices are associated with one or multiple
D2D relaying devices 1s predetermined or semi-static.

Example 4 may include the method of example 3 or some
other example herein, wherein D2D UEs manually input the
identifier (ID) of the MTC devices 1n the database. The 1D
can be 1n the form of Media Access Control (MAC) address
or International Mobile Subscriber Identity (IMSI) of the
MTC devices.

Example 5 may include the method of example 3 or some
other example herein, wherein D2D UEs trigger the MTC
devices to report their IDs in the MTC resource pool;

wherein the triggering message 1s transmitted in the Physical
sidelink Control Channel (PSCCH) or Physical sidelink

Discovery Channel (PSDCH) and subsequently, MTC
devices report their IDs in the Physical sidelink Shared
Channel (PSSCH).

Example 6 may include the method of example 1 or some
other example herein, wherein the MTC devices only com-
municate with the D2D UEs and all operations occur on the
UL subirames/carriers; wherein D2D relaying UEs broad-
cast configuration of resources towards MTC devices.

Example 7 may include the method of example 6 or some
other example herein, wheremn the D2D relaying UE
requests the resource in sidelink for the transmission of
MTC reports; wherein the resource request may carry the
information regarding the number of MTC devices and
bufler status report (BSR) for each MTC report and/or the
capability of each MTC device.

Example 8 may include the method of example 6 or some
other example herein, wherein eNodeB sends out the
resource allocation for the transmission of MTC reports over
sidelinks; wherein eNodeB 1indicates the logical periodic
D2D resource pool for the transmission and retransmission
of MTC report, wherein the logical periodic resource pool
may be mapped to the periodic instances of physical channel
(PSCCH/PSSCH); wherein the resource allocation may con-
tain the maximum number of retransmission allowed for
cach MTC report.

Example 9 may include the method of example 6 or some
other example herein, wherein D2D relaying UE sends out
the sidelink transmission grant via PSCCH for MTC reports;
wherein the transmission grant may contain the detailed
resource allocation and modulation and coding scheme
(MCS) for each MTC measurement report, including but not
limited to time and frequency allocation for MTC UE
transmission, €.g. time resource pattern of transmission
(T-RPT) pattern index, assignment of frequency resources
and potentially PSCCH resource index.

Example 10 may include the method of example 6 or
some other example herein, wherein all MTC UEs report the
measurement on the corresponding resource within resource
pool which 1s indicated in the uplink grant; wherein the
measurement report 1s transmitted via PSSCH or separate
sidelink physical channel.

Example 11 may include the method of example 6 or
some other example herein, wherein D2D relaying UEs
receive and attempt to decode the measurement reports from




US 10,477,620 B2

17

multiple MTC UEs; Subsequently, D2D relaying UEs feed-
back the ACK/NACK information and resource allocation
and MCS for the retransmission of the MTC report 11 they
are not successiully decoded.

Example 12 may include the method of example 6 or
some other example herein, wherein for these MTC UEs
who receive the NACK feedback, they retransmits the
measurement report to the D2D relaying UEs using the MCS
and on the resource which 1s indicated 1n the uplink grant.

Example 13 may include the method of example 6 or
some other example herein, when D2D relaying UE suc-
cessiully receive the measurement report from all the MTC
UEs, 1t performs the post processing and sends out the
processed measurement report to the eNodeB via physical

uplink shared channel (PUSCH).

Example 14 may include the method of example 1 or
some other example herein, wherein the MTC UEs also
communicate with (at least receive from) the eNodeB and at
least transmit to the D2D UE.

Example 15 may include the method of example 14 or
some other example herein, wherein D2D relaying UE
requests the resource in sidelink for the transmission of
MTC reports; wherein the resource request may carry the
information regarding the number of MTC devices and
bufler status report (BSR) for each MTC report and/or the
capability of each MTC device.

Example 16 may include the method of example 14 or
some other example herein, wherein eNodeB sends out the
resource allocation for the transmission of MTC reports over
sidelinks; wherein both D2D relaying UEs and all MTC UEs
listen to the resource allocation from eNodeB:; wherein
downlink control information (DCI) format 3/3 A scrambled
by MTC-C-RNTT 1s used to support the MTC group based
signaling, wherein MTC-C-RN'TT 1s predefined in the speci-
fication or configured by higher layers via master informa-
tion block (MIB), system information block (SIB) or dedi-
cated RRC signalling

Example 17 may include the method of example 14 or
some other example herein, wherein all MTC UEs report the
measurement on the corresponding resource within resource
pool which 1s indicated in the resource allocation from
eNodeB:

Example 18 may include the method of example 14 or
some other example herein, wherein D2D relaying UEs
attempt to decode the measurement report from all MTC
UEs. Subsequently, D2D relaying UEs feedback via PUSCH
the ACK/NACK information and processed measurement
reports to eNodeB from these are successiully decoded.

Example 19 may include the method of example 14 or
some other example herein, wherein eNodeB feedbacks the
ACK/NACK information and resource allocation and MCS
for the retransmission of the MTC report if they are not
successiully decoded.

Example 20 may include the method of example 14 or
some other example herein, wherein for these MTC UEs
who recerve the NACK feedback, they retransmits the
measurement report to the D2D relaying UEs using the MCS
and on the resource which 1s indicated in the uplink grant.

Example 21 may include the method of example 14 or
some other example herein, wherein D2D relaying UEs
attempt to decode the measurement report from the remain-
ing MTC UEs and subsequently feedback the ACK/NACK
information and processed measurement reports to eNodeB;
wherein the procedure will continue until all the measure-
ment reports are collected, processed by the D2D relaying
UEs and reported to the eNodeB.
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Example 22 may include the method of example 1 or
some other example herein, wherein the time/frequency
resource information for MTC resource pool may comprise
at least one of the following information—{irequency loca-
tion (e.g. n RB 1ndex region), time location (e.g. OFDM
symbol index, slot index, subirame index, radio frame
index); wherein a subirame bit map with parameter “sub-
frameBitMap™ 1s used to signal the allocated subirame,
which can be repeated within the resource pool.

Example 23 may include the method of example 22 or
some other example herein, wherein the starting PRB with
parameter “startPRB” and the size of MTC resource pool
“lengthPRB” are used to indicate the frequency information
of the MTC resource pool.

Example 24 may include the method of example 22 or
some other example herein, wherein two non-overlapping
frequency locations are allocated for the MTC resource pool.

Example 25 may include the method of example 22 or
some other example herein, wherein the size of resource
pool 1s not less than the number of the MTC devices that
intend to transmit the data or measurement report to D2D
devices:

Example 26 may include the method of example 1 or
some other example herein, wherein relaying nodes sched-
ule MTC devices to transmit the data or measurement report
via relaying links; wherein relaying nodes receive the data
from MTC devices and process the information; wherein
relaying nodes forward the processed information to the
eNodeB via cellular LTE radio link or other licensed and
unlicensed wireless link.

Example 27 may include the method of example 1 or
some other example herein, wherein MTC devices send the

—

data or measurement report to small cells via other RATS,
c.g., WikF1, Bluetooth, LTE-Unlicensed, mmWave, efc;
wherein small cells receive the data from M'TC devices and
process the mformation; wherein small cells forward the
processed mformation to the eNodeB via cellular LTE radio
link or other licensed and unlicensed wireless link.

Example 28 may include a method comprising;

receiving, by a device-to-device (D2D) relay device from

a Machine Type Communication (MTC) device, a data
and/or measurement report 1n an allocated resource via
D2D sidelink;

processing, by the D2D relay device, the data and/or

measurement report; and

transmitting, by the D2D relay device, the processed data

and/or measurement report to an evolved NodeB (eNB)
via a cellular long term evolution (LTE) radio link or
other licensed and/or unlicensed wireless link.

Example 29 may include the method of example 28 or
some other example herein, further comprising employing,
by the D2D relay device, two hop communication to forward
the processed data and/or measurement report to the eNB 1n
the case when the MTC devices are located outside network
coverage.

Example 30 may include the method of example 28 or
some other example herein, wherein one or more MTC
devices are associated with one or more D2D relay devices
based on a predetermined or semi-static association rule.

Example 31 may include the method of example 30 or
some other example herein, wherein the D2D relay device 1s
to manually mput the identifier (ID) of one or more MTC
device(s) 1n the database. The ID can be in the form of
Media Access Control (MAC) address or International
Mobile Subscriber Identity (IMSI) of the MTC device(s).

Example 32 may include the method of example 30 or
some other example herein, wherein the D2D relay device 1s
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to trigger the MTC device(s) to report their IDs 1in the MTC
resource pool; wherein the triggering message 1s transmitted
in the Physical sidelink Control Channel (PSCCH) or Physi-
cal sidelink Discovery Channel (PSDCH) and subsequently,
MTC devices report their IDs 1n the Physical sidelink Shared
Channel (PSSCH).

Example 33 may include the method of example 28 or
some other example herein, wherein the MTC device 1s to
only communicate with the D2D relay device and all opera-
tions occur on the UL subframes/carriers; wherein the D2D
relay device 1s to broadcast configuration of resources
towards MTC devices.

Example 34 may include the method of example 33 or
some other example herein, wherein the D2D relay device 1s
to request the resource 1n sidelink for the transmission of
MTC reports; wherein the resource request may carry the
information regarding the number of MTC devices and
bufler status report (BSR) for each MTC report and/or the
capability of each MTC device.

Example 35 may include the method of example 33 or
some other example herein, wherein the eNB 1s to transmat
an 1ndication of the resource allocation for the transmission
of MTC reports over sidelinks; wherein the eNB indicates
the logical periodic D2D resource pool for the transmission
and retransmission of MTC report, wherein the logical
periodic resource pool may be mapped to the periodic
instances of physical channel (PSCCH/PSSCH); wherein
the resource allocation may contain the maximum number of
retransmission allowed for each MTC report.

Example 36 may include the method of example 33 or
some other example herein, wherein the D2D relay device 1s
to transmit the sidelink transmission grant via PSCCH for
MTC reports; wherein the transmission grant may contain
the detailed resource allocation and modulation and coding,
scheme (MCS) for each MTC measurement report, iclud-
ing but not limited to time and frequency allocation for MTC
device transmission, €.g. time resource pattern of transmis-
sion (I-RPT) pattern index, assignment of frequency
resources and potentially PSCCH resource index.

Example 37 may include the method of example 33 or
some other example herein, wherein one or more MTC
devices report the measurement on the corresponding
resource within resource pool which i1s indicated in the
uplink grant; wherein the measurement report 1s transmitted
via PSSCH or separate sidelink physical channel.

Example 38 may include the method of example 33 or
some other example herein, wherein the D2D relay device 1s
to receive and attempt to decode the measurement reports
from multiple MTC devices; subsequently, the D2D relay
device 1s to feedback the ACK/NACK information and
resource allocation and MCS {for the retransmission of the
MTC report i1f they are not successtully decoded.

Example 39 may include the method of example 33 or
some other example herein, wherein for these MTC devices
who receive the NACK feedback, they are to retransmit the
measurement report to the D2D relay device using the MCS
and on the resource which 1s indicated 1n the uplink grant.

Example 40 may include the method of example 33 or
some other example herein, when the D2D relay device
successiully recerves the measurement report from one or
more MTC devices, it performs the post processing and
transmits the processed measurement report to the eNB via
physical uplink shared channel (PUSCH).

Example 41 may include the method of example 28 or
some other example herein, wherein one or more MTC
devices are also to communicate with (at least receive from)

the eNB and at least transmit to the D2D UE.
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Example 42 may include the method of example 41 or
some other example herein, wherein the D2D relay device 1s
to request the resource 1n sidelink for the transmission of
MTC reports; wherein the resource request may carry the
information regarding the number of MTC devices and
bufler status report (BSR) for each MTC report and/or the
capability of each MTC device.

Example 43 may include the method of example 41 or
some other example herein, wherein the eNB 1s to transmit
the resource allocation for the transmission of MTC reports
over sidelinks; wherein both the D2D relay device and one
or more M'TC devices are to listen to the resource allocation

from eNB; wherein downlink control mformation (DCI)
format 3/3 A scrambled by MTC-C-RNTT 1s used to support

the MTC group based signaling, wherein MTC-C-RNTT 1s
predefined 1n the specification or configured by higher layers
via master mformation block (MIB), system information
block (SIB) or dedicated RRC signalling.

Example 44 may include the method of example 41 or
some other example herein, wherein one or more MTC
devices are to report the measurement on the corresponding
resource within resource pool which 1s indicated in the
resource allocation from eNB.

Example 45 may include the method of example 41 or
some other example herein, wherein the D2D relay device 1s
to attempt to decode the measurement report from one or
more MTC devices. Subsequently, the D2D relay device 1s
to feedback via PUSCH the ACK/NACK information and
processed measurement reports to the eNB from those that
are successiully decoded.

Example 46 may include the method of example 41 or
some other example herein, wherein the eNB 1s to feedback
the ACK/NACK 1information and resource allocation and
MCS for the retransmission of the MTC report 1f they are not
successiully decoded.

Example 47 may include the method of example 41 or
some other example herein, wherein for these MTC devices
who receive the NACK feedback, they are to retransmit the
measurement report to the D2D relay device using the MCS
and on the resource which 1s indicated 1n the uplink grant.

Example 48 may include the method of example 41 or
some other example herein, wherein D2D relaying UEs
attempt to decode the measurement report from the remain-
ing MTC devices and subsequently feedback the ACK/
NACK miformation and processed measurement reports to
eNB; wherein the procedure will continue until all the
measurement reports are collected, processed by the D2D
relaying UEs and reported to the eNB.

Example 49 may include the method of example 28 or
some other example herein, wheremn the time/frequency
resource information for MTC resource pool may include at
least one of the following information—1irequency location
(e.g. 1n RB index region), time location (e.g. OFDM symbol
index, slot index, subirame index, radio frame index);
wherein a subirame bit map with parameter “subirameBit-
Map™ 1s used to signal the allocated subirame, which can be
repeated within the resource pool.

Example 50 may include the method of example 49 or
some other example herein, wherein the starting PRB with
parameter “startPRB” and the size of MTC resource pool
“lengthPRB” are used to indicate the frequency information
of the MTC resource pool.

Example 51 may include the method of example 49 or
some other example herein, wherein two non-overlapping
frequency locations are allocated for the MTC resource pool.

Example 52 may include the method of example 49 or
some other example herein, wherein the size of resource
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pool 1s not less than the number of the MTC devices that
intend to transmit the data or measurement report to D2D
devices.

Example 53 may include the method of example 28 or
some other example herein, wherein relaying nodes are to
schedule MTC devices to transmit the data or measurement
report via relaying links; wherein relaying nodes receive the
data from MTC devices and process the information;
wherein relaying nodes forward the processed information
to the eNB wvia cellular LTE radio link or other licensed and
unlicensed wireless link.

Example 54 may include the method of example 28 or
some other example herein, wherein the MTC devices are to
send the data or measurement report to small cells via other
RATs, e.g., WiF1, Bluetooth, LTE-Unlicensed, mmWave,
etc; wherein small cells receive the data from MTC devices
and process the information; wherein small cells forward the
processed mformation to the eNB via cellular LTE radio link
or other licensed and unlicensed wireless link.

Example 55 may include a device-to-device (D2D) relay
device comprising:

radio frequency (RF) circuitry to receive, from a Machine

Type Communication (MTC) device, a data and/or
measurement report in an allocated resource via D2D
sidelink; and

transmit a processed data and/or measurement report to an

evolved NodeB (eNB) via a cellular long term evolu-
tion (LTE) radio link or other licensed and/or unli-
censed wireless link.

Example 56 may include the D2D relay device of
example 55 or some other example herein, wherein the RF
circuitry 1s further to employ two hop communication to
torward the processed data and/or measurement report to the
e¢NB 1n the case when the MTC devices are located outside
network coverage.

Example 57 may include the D2D relay device of
example 55 or some other example herein, wherein one or
more MTC devices are associated with one or more D2D
relay devices based on a predetermined or semi-static asso-
ciation rule.

Example 38 may include the D2D relay device of
example 57 or some other example herein, wherein D2D the
D2D relay device 1s to manually 1nput the 1dentifier (ID) of
the MTC devices 1n the database. The ID can be 1n the form
of Media Access Control (MAC) address or International
Mobile Subscriber Identity (IMSI) of the MTC devices.

Example 59 may include the D2D relay device of
example 57 or some other example herein, wherein the D2D
relay device 1s to trigger the MTC devices to report their 1Ds
in the M'TC resource pool; wherein the triggering message
1s transmitted in the Physical sidelink Control Channel
(PSCCH) or Physical sidelink Discovery Channel (PSDCH)
and subsequently, MTC devices report their IDs 1n the
Physical sidelink Shared Channel (PSSCH).

Example 60 may include the D2D relay device of
example 55 or some other example herein, wherein the MTC
devices are to only communicate with the D2D relay device
and all operations occur on the UL subiframes/carriers;
wherein the D2D relay device 1s to broadcast configuration
ol resources towards MTC devices.

Example 61 may include the D2D relay device of
example 60 or some other example herein, wherein the D2D
relay device 1s to request the resource 1n sidelink for the
transmission of MTC reports; wherein the resource request
may carry the information regarding the number of MTC
devices and bufler status report (BSR) for each MTC report
and/or the capability of each MTC device.
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Example 62 may include the D2D relay device of
example 60 or some other example herein, wherein eNB
sends out the resource allocation for the transmission of
MTC reports over sidelinks; wherein eNB indicates the
logical periodic D2D resource pool for the transmission and
retransmission of MTC report, wherein the logical periodic
resource pool may be mapped to the periodic instances of
physical channel (PSCCH/PSSCH); wherein the resource
allocation may contain the maximum number of retransmis-
sion allowed for each MTC report.

Example 63 may include the D2D relay device of
example 60 or some other example herein, wherein the D2D
relay device 1s to send out the sidelink transmission grant via
PSCCH for MTC reports; wherein the transmission grant
may contain the detailed resource allocation and modulation
and coding scheme (MCS) for each MTC measurement
report, mcluding but not limited to time and frequency
allocation for MTC device transmission, €.g. time resource
pattern of transmission (I-RPT) pattern index, assignment of
frequency resources and potentially PSCCH resource index.

Example 64 may include the D2D relay device of
example 60 or some other example herein, wherein one or
more MTC devices are to report the measurement on the
corresponding resource within resource pool which 1s 1ndi-
cated 1n the uplink grant; wherein the measurement report 1s
transmitted via PSSCH or separate sidelink physical chan-
nel.

Example 65 may include the D2D relay device of
example 60 or some other example herein, wherein the D2D
relaying device 1s to receive and attempt to decode the
measurement reports from multiple MTC devices; Subse-
quently, the D2D relay device 1s to feedback the ACK/
NACK information and resource allocation and MCS for the
retransmission of the MTC report 1 they are not successtully
decoded.

Example 66 may include the D2D relay device of
example 60 or some other example herein, wherein for these
MTC devices who receive the NACK feedback, they are to
retransmit the measurement report to the D2D relay device
using the MCS and on the resource which 1s indicated 1n the
uplink grant.

Example 67 may include the D2D relay device of
example 60 or some other example herein, when the D2D
relay device 1s to successiully receive the measurement
report from one or more MTC devices, 1t 1s to further
perform the post processing and send out the processed
measurement report to the eNB via physical uplink shared
channel (PUSCH).

Example 68 may include the D2D relay device of
example 55 or some other example herein, wherein one or
more MTC devices also communicate with (at least receive
from) the eNB and at least transmit to the D2D relay device.

Example 69 may include the D2D relay device of
example 68 or some other example herein, wherein the D2D
relay device 1s to request the resource 1n sidelink for the
transmission of MTC reports; wherein the resource request
may carry the information regarding the number of MTC
devices and buller status report (BSR) for each MTC report
and/or the capability of each MTC device.

Example 70 may include the D2D relay device of
example 68 or some other example herein, wherein the eNB
1s to transmit the resource allocation for the transmission of
MTC reports over sidelinks; wherein both the D2D relay
device and one or more MTC devices listen to the resource
allocation from eNB: wherein downlink control information
(DCI) format 3/3A scrambled by MTC-C-RNTI 1s used to

support the MTC group based signaling, wherein MTC-C-
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RNTI 1s predefined 1n the specification or configured by
higher layers via master information block (MIB), system
information block (SIB) or dedicated RRC signalling.

Example 71 may include the D2D relay device of
example 68 or some other example herein, wherein all MTC
devices report the measurement on the corresponding
resource within resource pool which 1s indicated in the
resource allocation from eNB.

Example 72 may include the D2D relay device of
example 68 or some other example herein, wherein the D2D
relay device 1s to attempt to decode the measurement report
from all MTC devices. Subsequently, the D2D relay device
1s to feedback via PUSCH the ACK/NACK information and
processed measurement reports to eNB from these are
successiully decoded.

Example 73 may include the D2D relay device of
example 68 or some other example herein, wherein the eNB

1s to feedback the ACK/NACK information and resource
allocation and MCS for the retransmission of the MTC
report 1f they are not successiully decoded.

Example 74 may include the D2D relay device of
example 68 or some other example herein, wherein for these
MTC devices who receive the NACK feedback, they are to
retransmit the measurement report to the D2D relay device
using the MCS and on the resource which i1s indicated 1n the
uplink grant.

Example 75 may include the D2D relay device of
example 68 or some other example herein, wherein the D2D
relay device 1s to attempt to decode the measurement report
from the remaining MTC devices and subsequently feed-
back the ACK/NACK information and processed measure-
ment reports to eNB; wherein the procedure will continue
until all the measurement reports are collected, processed by
the D2D relay device and reported to the eNB.

Example 76 may include the D2D relay device of
example 355 or some other example herein, wherein the
time/frequency resource mformation for MTC resource pool
may comprise at least one of the following information—
frequency location (e.g. in RB index region), time location
(e.g. OFDM symbol index, slot index, subframe index, radio
frame 1index); wherein a subirame bit map with parameter
“subiframeBitMap” 1s used to signal the allocated subirame,
which can be repeated within the resource pool.

Example 77 may include the D2D relay device of
example 76 or some other example herein, wherein the
starting PRB with parameter “startPRB” and the size of
MTC resource pool “lengthPRB” are used to indicate the
frequency information of the MTC resource pool.

Example 78 may include the D2D relay device of
example 76 or some other example herein, wherein two
non-overlapping frequency locations are allocated for the
MTC resource pool.

Example 79 may include the D2D relay device of
example 76 or some other example herein, wherein the size
of resource pool 1s not less than the number of the MTC
devices that intend to transmit the data or measurement
report to D2D devices;

Example 80 may include the D2D relay device of
example 55 or some other example herein, wherein relaying
nodes are to schedule one or more MTC devices to transmit
the data or measurement report via relaying links; wherein
relaying nodes receive the data from the one or more MTC
devices and process the mnformation; and wherein relaying
nodes forward the processed nformation to the eNB wia
cellular LTE radio link or other licensed and unlicensed
wireless link.
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Example 81 may include the D2D relay device of
example 55 or some other example herein, wherein MTC
devices send the data or measurement report to small cells
via other RATs, e.g., WiF1, Bluetooth, LTE-Unlicensed,
mmWave, etc; wherein small cells receive the data from
MTC devices and process the information; wherein small
cells forward the processed information to the eNB wvia
cellular LTE radio link or other licensed and unlicensed
wireless link.

Example 82 may include the subject matter of any of
examples 1-81, wherein the D2D relay device 1s a user
equipment (UE).

Example 83 may include the subject matter of any of
examples 1-81, wherein the M'TC device 1s a user equipment
(UE).

Example 84 may include an apparatus comprising means
to perform one or more elements of a method described 1n
or related to any of examples 1-83, or any other method or
process described herein.

Example 85 may include one or more computer-readable
media comprising 1nstructions to cause an electronic device,
upon execution of the instructions by one or more processors
of the electronic device, to perform one or more elements of
a method described 1n or related to any of examples 1-83, or
any other method or process described herein. In some
examples the media may be non-transitory or non-transient
computer-readable media.

Example 86 may include an apparatus comprising logic,
modules, and/or circuitry to perform one or more elements
of a method described in or related to any of examples 1-83,
or any other method or process described herein.

Example 87 may include a method, technique, or process
as described 1 or related to any of examples 1-83, or
portions or parts thereof.

Example 88 may include a method of communicating in
a wireless network as shown and described herein.

Example 89 may include a system for providing wireless
communication as shown and described herein.

Example 90 may include a device for providing wireless
communication as shown and described herein.

Example 91 may include an electronic device for use 1n a
machine type communication (MTC) relay device, the elec-
tronic device comprising circuitry, the circuitry having:

a receive signal path to receive data from at least one

MTC device; and
a transmuit signal path to forward processed data, based on
the data, to an evolved NodeB (eNB), wherein at least
one of:
the data 1s received via Device-to-Device (D2D) side-
link;
the MTC relay device 1s a relay node and the data 1s
received via a relaying link; or
the MTC relay device 1s a multi-radio access technol-
ogy (multi1-RAT) capable small cell device and the
data 1s received via WiF1, Bluetooth, Long-Term
Evolution-Unlicensed (LTE-Unlicensed), or
mmWave communication.

Example 92 ma y include the electronic device of
example 91, wherein the electronic device further comprises
logic to process the data to produce the processed data.

Example 93 may include the electronic device of example
91 or 92, wherein the data includes an MTC measurement
report.

Example 94 may include the electronic device of any one
of examples 91 to 93, wherein the MTC relay device i1s a
D2D-capable user equipment (UE) and the data 1s received
via D2D sidelink.
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Example 95 may include the electronic device of example
94, further comprising logic to request, from the eNB, D2D
sidelink resource for transmission via the D2D sidelink of
the data from the MTC device to the electronic device.

Example 96 may include the electronic device of example
95, wherein the logic 1s to send a resource request to the
eNB, the request including information regarding a number
of MTC devices and a bufler status report (BSR) for each
MTC report and/or a capability of each MTC device.

Example 97 may include the electronic device of example
95 or example 96, wherein the logic 1s to receive a resource
allocation from the eNB 1n response to the request and send
the resource allocation to the MTC device.

Example 98 may include the electronic device of any one
of examples 91 to 97, further comprising logic to decode the

data, and feedback acknowledgment/negative-acknowl-
edgement (ACK/NACK) mformation to the MTC device

depending on whether or not the data 1s successiully
decoded.
Example 99 may include the electronic device of any one

of examples 91 to 95, further comprising logic to decode the
data, and feedback acknowledgment/negative-acknowl-
edgement (ACK/NACK) information to the eNB depending
on whether or not the data 1s successiully decoded.

Example 100 may include the electronic device of any
one of examples 94 to 99, wherein the transmit signal path
1s to forward the processed data to the eNB via another D2D
device by employing two-hop communication.

Example 101 may include an MTC relay device compris-
ing the electronic device of any one of examples 91 to 100,
and further comprising one or more of: a display, a camera,
a sensor, an mput/output (I/0) nterface.

Example 102 may include an electronic device for use in
a machine type communication (MTC) device, comprising:

logic to produce data;

circuitry to output the data for transmission to an eNodeB

(eNB) via an MTC relay device, wherein at least one

of:

the data 1s to be transmitted via Device-to-Device
(D2D) sidelink;

the MTC relay device 1s a relay node and the data 1s to
be transmitted via a relaying link; or

the MTC relay device 1s a multi-radio access technol-
ogy (multi-RAT) capable small cell device and the
data 1s to be transmitted via WikF1, Bluetooth, Long-
Term Evolution-Unlicensed (LTE-Unlicensed), or
mmWave communication.

Example 103 may include the electronic device of
example 102, wherein the data 1s transmitted via D2D
sidelink.

Example 104 may include the electronic device of
example 103, wherein the logic 1s to receive a resource
allocation from the eNB, the resource allocation for trans-
mitting the data to the MTC relay device.

Example 105 may include the electronic device of
example 104, wherein the logic 1s to receive acknowledg-
ment/negative-acknowledgement (ACK/NACK) 1nforma-
tion from the eNB, depending on whether or not the data 1s
successiully decoded by the MTC relay device.

Example 106 may include the electronic device of
example 103, wherein the logic 1s to receive a resource
allocation from the MTC relay device, the resource alloca-
tion for transmitting the data to the MTC relay device.

Example 107 may include the electronic device of
example 106, wherein the logic 1s to receive acknowledg-
ment/negative-acknowledgement (ACK/NACK) informa-
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tion from the MTC relay device, depending on whether or
not the data 1s successtully decoded by the MTC relay
device.

Example 108 may include an MTC device comprising the
clectronic device of any one of examples 102 to 107, and
turther comprising a sensor to provide sensor information to
the logic, the logic to process the sensor information to
produce the data.

Example 109 may include one or more computer-readable
media comprising 1nstructions to cause an electronic device,
upon execution of the instructions by one or more processors
of the electronic device, to:

receive data from at least one machine type communica-

tion (MTC) device;

process the data to produce processed data; and

forward the processed data to an eNodeB (eNB), wherein

at least one of:

the data 1s to be received via Device-to-Device (D2D)
sidelink;

the MTC relay device 1s a relay node and the data 1s to
be received via a relaying link; or

the MTC relay device 1s a multi-radio access technol-
ogy (multi-RAT) capable small cell device and the
data 1s to be received via WiFi1, Bluetooth, Long-
Term Evolution-Unlicensed (LTE-Unlicensed), or
mmWave communication. In some examples the
media may be non-transitory or non-transient com-
puter-readable media.

Example 110 may include the media of example 109,
wherein the data 1s received via D2D sidelink and the media
further to cause the electronic device to:

determine whether or not the data 1s successtully decoded,

and either

(a) feed-back acknowledgment/negative-acknowledge-

ment (ACK/NACK) information to the MTC device
based on the determination whether or not the data 1s
successiully decoded, or

(b) feed-back ACK/NACK information to the eNB based

on the determination whether or not the data 1s suc-
cesstully decoded.

Example 111 may include one or more computer-readable
media comprising instructions to cause an electronic device,
upon execution of the instructions by one or more processors
of the electronic device, to:

produce a measurement report; and

transmit the measurement report to an eNodeB (eNB) via

a machine type communication (MTC) relay device,
wherein at least one of:

the measurement report 1s to be transmitted via Device-

to-Device (D2D) sidelink;

the MTC relay device 1s a relay node and the measure-
ment report 1s to be transmitted via a relaying link;
or

the MTC relay device 1s a multi-radio access technol-
ogy (multi1-RAT) capable small cell device and the
measurement report 1s to be transmitted via Wik,
Bluetooth, Long-Term Evolution-Unlicensed (LTE-
Unlicensed), or mmWave communication. In some
examples the media may be non-transitory or non-
transient computer-readable media.

Example 112 may include a method performed by a
machine type communication (MTC) relay device, the
method comprising:

recerving data from at least one MTC device;

processing the data to produce processed data; and

forwarding the processed data to an eNodeB (eNB),
wherein at least one of:
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the data 1s received via Device-to-Device (D2D) side-
link;

the MTC relay device 1s a relay node and the data 1s
recetved via a relaying link; or

the MTC relay device 1s a multi-radio access technol-
ogy (multi-RAT) capable small cell device and the
data 1s received via WikF1, Bluetooth, Long-Term

Evolution-Unlicensed (LTE-Unlicensed), or

mm Wave communication.

Example 113 may include the method of example 112,

wherein the data i1s received via D2D sidelink and the

method further comprises:

determining whether or not the data 1s successtully
decoded, and either

(a) feeding-back acknowledgment/negative-acknowl-
edgement (ACK/NACK) information to the MTC
device based on the determination whether or not the

data 1s successiully decoded, or

(b) feeding-back ACK/NACK information to the eNB
based on the determination whether or not the data 1s
successiully decoded.

Example 114 may include a method performed by a
machine type communication (MTC) device, the method
comprising;

producing a measurement report; and

transmitting the measurement report to an eNodeB (eNB)

via an MTC relay device, wherein at least one of:

the measurement report 1s transmitted via Device-to-
Device (D2D) sidelink;

the MTC relay device 1s a relay node and the measure-
ment report 1s transmitted via a relaying link; or

the MTC relay device 1s a multi-radio access technol-
ogy (multi-RAT) capable small cell device and the
measurement report 1s transmitted via WikF1, Blu-
ctooth, Long-Term Evolution-Unlicensed (LTE-Un-
licensed), or mmWave communication.

Example 115 may include one or more computer-readable
media comprising instructions to cause an electronic device,
upon execution of the instructions by one or more processors
to operate as a device according to any one of examples 91
to 108, or to perform the method of any one of examples 112
to 114. In some examples the media may be non-transitory
or non-transient computer-readable media.

Example 116 may include an electronic commumnication
relay device, the electronic device comprising:

means to receive data from at least one machine type

communication (MTC) device; and

means to forward processed data, based on the data, to an

evolved NodeB (eNB), wherein at least one of:

the data 1s received via Device-to-Device (D2D) side-
link;

the MTC relay device 1s a relay node and the data 1s
recetved via a relaying link; or

the MTC relay device 1s a multi-radio access technol-
ogy (multi1-RAT) capable small cell device and the
data 1s received via WiF1, Bluetooth, Long-Term

Evolution-Unlicensed (LTE-Unlicensed), or

mmWave communication.

Example 117 may include an electronic commumnication
device, comprising:

means to produce data;

means to output the data for transmission to an eNodeB

(eNB) via a machine type communication (MTC) relay

device, wherein at least one of:
the data 1s to be transmitted via Device-to-Device (D2D)
sidelink:

10

15

20

25

30

35

40

45

50

55

60

65

28

the M'TC relay device 1s a relay node and the data 1s to
be transmitted via a relaying link; or

the MTC relay device 1s a multi-radio access technol-
ogy (multi1-RAT) capable small cell device and the
data 1s to be transmitted via WikF1, Bluetooth, Long-
Term Evolution-Unlicensed (LTE-Unlicensed), or
mmWave communication. The foregoing description
of one or more implementations provides illustration
and description, but 1s not intended to be exhaustive
or to limit the scope of the disclosure to the precise
form disclosed. Modifications and variations are
possible 1 light of the above teachings or may be
acquired from practice of various implementations
of the disclosure.

The mnvention claimed 1s:

1. An electronic device for use in a machine type com-
munication (MTC) relay device, the electronic device com-
prising circuitry, the circuitry having:

a receive signal path to receive data from a plurality of

MTC devices:
a transmuit signal path to forward processed data, based on
the data, to an evolved NodeB (eNB), wherein at least
one of:
the data 1s received via Device-to-Device (D2D) side-
link;

the MTC relay device 1s a relay node and the data is
received via a relaying link; or

the MTC relay device 1s a multi-radio access technol-
ogy (multi1-RAT) capable small cell device and the
data 1s received via WikF1, Bluetooth, Long-Term

Evolution-Unlicensed (LTE-Unlicensed), or
mmWave communication; and
logic to:

send a resource request, via the transmit signal path, to
the eNB, the resource request to include information
regarding the plurality of MTC devices, wherein the
information includes i1dentity and capability infor-
mation for individual MTC devices of the plurality
of MTC devices:

collect, from the plurality of MTC devices, the data,
which mcludes MTC measurement reports; and

forward, to the eNB, the processed data, which includes
a consolidation of the measurement reports from the
plurality of the MTC devices.

2. The electronic device of claim 1, further comprising
logic to request, from the eNB, a D2D sidelink resource for
transmission via the D2D sidelink of the data from the MTC
device to the electronic device.

3. The electronic device of claim 1, wherein the resource
request further includes a bufler status report (BSR) for each
MTC measurement report.

4. The electronic device of claim 1, wherein the logic 1s
to recerve an indication of allocation of a logical periodic
D2D resource pool from the eNB 1n response to the resource
request; map the logical periodic D2D resource pool to
periodic 1nstances of a physical channel; and send an indi-
cation of the periodic instances of the physical channel to the
plurality of MTC devices.

5. The electronic device of claim 1, wherein the logic 1s
to attempt to decode a first MTC measurement report from
a first MTC device; feedback negative-acknowledgement
(NACK) information to the first MTC device based on the
attempt to decode the first MTC measurement report being
unsuccessiul; successtully decode a retransmission of the
first MTC measurement report; and include, within the
processed data, information from the successiul decoding of
the retransmission of the first MTC measurement report.
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6. The electronic device of claim 1, wherein the logic 1s
to attempt to decode a first MTC measurement report from
a first MTC device; include, within the processed data,
negative-acknowledgement (NACK) iformation based on
the attempt to decode the first MTC measurement report
being unsuccessiul.

7. The electronic device of claim 1, wherein the transmit
signal path 1s to forward the processed data to the eNB wvia
another D2D device by employing two-hop communication.

8. An M'TC relay device comprising the electronic device
of claim 1, and further comprising one or more of: a display,
a camera, a sensor, an mput/output (I/0) interface.

9. The electronic device of claim 4, wherein the indication
of the periodic instances includes an indication of a sub-
frame oflset and a periodicity.

10. The electronic device of claim 4, wherein the 1ndica-
tion of the periodic 1nstances includes a subirame bitmap to
provide an indication of subirames allocated for the MTC
measurement reports.

11. An electronic device for use 1 a machine type
communication (MTC) device, comprising:

logic to produce data;

circuitry to receive a downlink transmission from an eNB,

the downlink transmission to include downlink control
information (DCI) scrambled by MTC cell radio net-
work temporary 1dentifier (MTC-C-RNTTI) that corre-
sponds to a group of MTC devices, the DCI to include
an indication of a resource allocation for transmitting
data from the group of MTC devices to an MTC relay
device; and

circuitry to output the data mn an MTC measurement

report for transmission to an eNodeB (eNB) via the

MTC relay device, wherein at least one of:

the data 1s to be transmitted via Device-to-Device
(D2D) sidelink;

the MTC relay device 1s a relay node and the data 1s to
be transmitted via a relaying link;

or
the MTC relay device 1s a multi-radio access technol-
ogy (multi1-RAT) capable small cell device and the
data 1s to be transmitted via WiF1, Bluetooth, Long-
Term Evolution-Unlicensed (LTE-Unlicensed), or
mmWave communication.
12. The electronic device of claim 11, wherein the data 1s
transmitted via D2D sidelink.
13. The electronic device of claim 11, wherein the logic
1s to receive acknowledgment/negative-acknowledgement
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(ACK/NACK) mformation from the eNB, depending on
whether or not the data 1s successtully decoded by the MTC
relay device.

14. An MTC device comprising the electronic device of
claim 11, and further comprising a sensor to provide sensor
information to the logic, the logic to process the sensor
information to produce the data.

15. One or more non-transitory computer-readable media
comprising instructions to cause an electronic device, upon

execution of the mstructions by one or more processors of
the electronic device, to:

send a resource request to an eNB, the resource request to

include identity and capability information for indi-
vidual machine-type communication (MTC) devices of
a plurality of MTC devices;
collect, from the plurality of MTC devices over device-
to-device sidelinks, M'TC measurement reports; and
forward, to the eNB, a consolidation of the measurement
reports from the plurality of the MTC devices.
16. The media of claim 15, wherein the instructions, when
executed, further to cause the electronic device to:
attempt to decode a first MTC measurement report from
a first MTC device;

teedback negative-acknowledgement (NACK) informa-
tion to the first MTC device based on the attempt to
decode the first MTC measurement report being unsuc-
cessful;

successiully decode a retransmission of the first MTC

measurement report; and

include, within processed data, information from the

successiul decoding of the retransmission of the first
MTC measurement report.

17. The media of claim 15, wherein the instructions, when
executed, further cause the device to: receive an indication
of allocation of a logical periodic D2D resource pool from
the eNB 1n response to the resource request; map the logical
periodic D2D resource pool to periodic instances of a
physical channel; and send an indication of the periodic
instances ol the physical channel to the plurality of MTC
devices.

18. The media of claim 15, wherein the instructions, when
executed, further cause the device to: include, within the
processed data, negative-acknowledgement (NACK) 1nfor-
mation based on the attempt to decode the first MTC
measurement report being unsuccessiul.
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